Abstract: A total of seventeen isolates of Aspergillus flavus from maize were collected from different agro-ecological zones of Tamil Nadu, India. The isolates were tested for their ability to produce aflatoxin B 1 (AFB 1 ) in vitro by indirect competitive enzyme-linked immunosorbent assay (ELISA). The amount of AFB 1 produced by the isolates of A. flavus ranged from 1.9 to 206.6 ng/ml. Among the various isolates of A. flavus, the isolate AFM46 produced the highest amount of AFB 1 . DNA was extracted from A. flavus isolates and their molecular variability was investigated by using restriction fragment length polymorphism (RFLP) analysis of the PCR-amplified internal transcribed spacer (ITS) regions of ribosomal DNA. PCR amplification with ITS1 and ITS4 primers resulted in the amplification of a product of approximately 600 bp. Digestion of the PCR products with the restriction enzymes EcoRI, HaeIII and TaqI produced fragments of different sizes. Analysis of the genetic coefficient matrix derived from the scores of RFLP profiles showed that minimum and maximum per cent similarities among the tested A. flavus strains ranged from 0 to 88%. Cluster analysis using the unweighted pair-group method with arithmetic average (UPGMA) clearly separated the isolates into five groups (group I-V) confirming the genetic diversity among the A. flavus isolates from maize.
INTRODUCTION
Aflatoxins are a group of highly carcinogenic secondary metabolites mainly produced by Aspergillus flavus Link ex. Fries and A. parasiticus Spear (Bennett and Christensen 1983) . Aflatoxin contamination of various crops including peanut, maize, sorghum and chillies can occur as a result of infection by these fungi. A. flavus produces aflatoxins B1 and B2 whereas A. parasiticus produces aflatoxins G1 and G2 in addition to B1 and B2. The International Agency for Research on Cancer (IARC) has classified aflatoxin B1, B2, G1 and G2 in group 1 as human carcinogens (IARC 1993) . Hence, their quantity in food and feed is closely monitored and regulated in most countries (van Egmond 1995) . Variability in aflatoxin production potential of A. flavus isolates have been reported (Karthikeyan et al. 2009 ). This is why, the ability to distinguish between the various Aspergillus species may have diagnostic value. The analysis of genomic DNA using PCR-based methods has proven to be a fast, sensitive and reliable method for determining genetic relationships among pathogenic microorganisms (Zhang et al. 2004; Khoodoo and Jaufeerally-Fakim 2004) . Nuclear rDNA, and particularly the internal transcribed spacer (ITS) regions are good targets for the phylogenetic analysis in fungi (Bruns et al. 1991) because the ITS regions are often highly variable between isolates of the same species (O'Donnell et al. 1998; Salazar et al. 1999) . In the present study the genetic variability among the isolates of A. flavus from maize that vary in their aflatoxin B 1 production potential was analyzed. Restriction fragment length polymorphism (RFLP) analysis of the PCR-amplified ITS regions of ribosomal DNA, was used.
MATERIALS AND METHODS

Survey and collection of samples
Surveys were conducted in different agro-ecological zones of Tamil Nadu, India over a two year period (2005) (2006) . Pre-and postharvest maize kernel samples were collected from farmers' fields.
Isolation of Aspergillus spp.
The fungus, Aspergillus sp. was isolated from the collected samples using the potato dextrose agar (PDA) medium under laboratory conditions (Karthikeyan et al. 2009 ). The Aspergillus cultures were identified up to the species level using a taxonomic key and species descriptions (Singh et al. 1991) .
Aflatoxin B 1 production by various isolates of A. flavus
The isolates were analyzed for their aflatoxin B1 production potential in potato dextrose broth. The cultures were grown in 250 ml conical flasks containing 100 ml of potato dextrose broth at room temperature (28±2°C) for 10 days. At the end of the incubation period, the culture filtrate was collected by filtering it through two layers of muslin cloth. The culture filtrate (600 µl) was extracted with chloroform (1 : 1 v/v). The chloroform fraction was evaporated to dryness in vacuo and dissolved in 25 µl of 70% methanol and analyzed by ELISA using polyclonal antibodies raised against aflatoxin B1-Bovine serum albumin (AFB 1 -BSA) following the method of Reddy et al. (2001) . Three replicate cultures were analyzed for each isolate.
DNA extraction
A. flavus cultures were grown in 250 ml conical flasks containing 100 ml potato dextrose broth at room temperature (28±2°C) for 5-7 days. Mycelium was harvested by filtration and then freeze-dried. DNA was extracted from ground, freeze-dried mycelium following the method of Liu et al. (2000) . The extracted DNA was dissolved in TE buffer and stored at -70°C.
DNA amplification
The 5.8S rRNA gene and the two flanking internal transcribed spacers (ITS1 and ITS2) were amplified with primers ITS1 (5'-TCC GTA GGT GAA CCT GCG G-3') and ITS 4 (5-TCC TCC GCT TAT TGA TAT GC-3') (White et al. 1990) . PCR was undertaken in 20 µl volume consisting of 5 mM of each dNTP, 20 pmol each of ITS1 and ITS4 primers, 0.5 U of Taq DNA polymerase and 100 ng of template DNA. Amplifications were done with the following cycling parameters; 94°C for 5 min, 35 cycles of 94°C for 2 min, 53°C for 2 min, 72°C for 2 min, and final extension of 30 min at 72°C. Following amplification, 5 µl of PCR products were digested with the restriction enzymes HaeIII, EcoRI and TagI (Fermentas Inc., Maryland, USA). The digested fragments were separated on 1.2% agarose gel in TAE buffer, stained with ethidium bromide and visualized under UV transillumination. The sizes of the digested products were determined by comparison with standard 1 kb or 100 bp molecular markers (Bangalore Genei Pvt. Ltd., Bangalore, India).
Scoring and statistical analysis
Clearly visible RFLP products were scored from the image of ethidium bromide stained gels. The presence or absence of bands were recorded. For cluster analysis, the NTSYS.PC (Numerical Taxonomy System Applied Biostatistics, Setauket, New York) computer programme was used. The generated pair wise similarity matrix was used to group strains by the unweighted pair-group method with arithmetic average (UPGMA). A dendrogram was derived from the similarity matrix.
RESULTS AND DISCUSSION
In the present study pre-and postharvest maize kernel samples were collected from farmers' fields from different agro-ecological zones of Tamil Nadu, India. Aspergillus spp. were isolated from the collected samples using the PDA medium under laboratory conditions. All these isolates were found to be A. flavus. A total of seventeen isolates of A. flavus were tested for their ability to produce AFB 1 in vitro by indirect competitive ELISA. The results indicated that all the isolates produced AFB 1, but vary in their level of toxin production. The amount of AFB 1 produced by the toxigenic isolates of A. flavus ranged from 1.9 to 206.6 ng/ml (Table 1) . Among the various isolates of A. flavus, the isolate AFM46 produced the highest amount of AFB 1 . These results suggest the existence of variation between isolates of A. flavus. The variability in aflatoxin production of A. flavus isolates might be due to their genetic makeup (Egel et al. 1994) . Fungal rDNA has Toth et al. (2004) reported that no correlation could be observed between clustering of the isolates of Rusarium culmorum based on RAPD and mycotoxin-producing abilities or aggressiveness. The total sizes of the restriction fragments in each enzyme digest in the present study exceeded the apparent size of the ITS-PCR product. This difference in size of the fragments could be attributed to the presence of multiple forms of the rDNA-ITS gene cluster in single isolates. This phenomenon is common in fungi and has been reported in Sclerotium rolfsii (Harlton et al. 1995) , Ascochyta sp. (Fatehi and Bridge 1998) and Phytophthora sp. (Appiah et al. 2004) . were amplified by PCR using universal primers ITS1 and ITS4. Following amplification, the PCR products were digested separately with EcoRI (a), HaeIII (b) and TagI (c) and the digested fragments were separated on 1.2 % agarose gel. Lane; M-100 bp ladder been found to contain regions of variability within genera (White et al. 1990; Seifert et al. 1995; Levy et al. 2001) . The ITS region of nuclear ribosomal DNA, including ITS1, ITS2 and the intervening 5.8S rRNA gene, has been widely used to study the variability in fungi at the species and sub-species levels (Peterson 1991; Cooke et al. 1996; Crawford et al. 1996; Cooke and Duncan 1997; Goodwin and Zismann 2001; Appiah et al. 2004; Karthikeyan et al. 2009 ). Henry et al. (2000) reported sequence variation in several areas in the ITS regions among referenced and clinical isolates of Aspergillus species. RFLP analysis of the ITS regions of nuclear rDNA has been used to study the genetic diversity among the isolates of different groups of fungi (Appiah et al. 2004) . Levy et al. (2001) described a PCR-RFLP assay to distinguish Tilletia walkeri, a rye grass bunt fungus from T. indica, the wheat Karnal bunt fungus. In the present study the A. flavus isolates were analyzed by ITS-RFLP to assess the genetic variability among the isolates. PCR amplification of genomic DNA extracted from A. flavus isolates with ITS1 and ITS4 primers resulted in the amplification of a product of approximately 600 bp (Fig. 1) . The pattern of ITS-RFLP bands upon digestion of the PCR products with the enzymes EcoRI, HaeIII and TaqI indicated genetic variability among the isolates which varied in size of RFLP fragments and number of fragments (Figs. 2a, b, c) . Analysis of the genetic coefficient matrix derived from the scores of RFLP profiles showed that minimum and maximum percent similarities among the tested A. flavus strains ranged from 0 to 88% respectively (Fig. 3) . Cluster analysis using the UPGMA method clearly separated the isolates into five groups (group I-V) (Fig. 4) . The isolate AFM20, collected from the Kannivadi, Dindigul district clustered into a separate group (group I). Similarly AFM47, collected from Konalai, Viruthunagar was grouped into group II. Two isolates (AFM29 and AFM32) collected from the Madurai district were clustered together in group III. Group IV contained two isolates (AFM23 and AFM24). Both these isolates were collected from the Theni district. All the remaining strains belonged to group V which consisted of 2 sub-groups. Both highly toxigenic and moderate-or less-toxigenic isolates were found in each group, Genetic diversity in fungal population may be of major importance in developing a suitable management strategy. Hence, the genetic variability among the isolates of A. flavus should be taken into account when A. flavus isolates are used in the resistance breeding programmes for evaluation or to design primers for detection of A. flavus in foods and feeds by PCR.
